One of the most promising applications of nanoparticles is their use as carriers for anticancer drugs.\[[@ref1]\] The association of a drug to polymeric nanoparticles modifies the drug pharmacokinetic parameters specifically the distribution profile of the drug-carrier itself.\[[@ref2]\] Nanoparticles have easy accessibility in the body and can be transported to different body sites through the systemic circulation of blood. Targeting the drug through selective polymeric nanoparticles as carrier can enhance therapeutic efficacy of drugs. Once in the bloodstream, these nanoparticles are rapidly opsonized and massively cleared by the fixed macrophages of the mononuclear phagocyte system (MPS) organs such as Kuppfer cells of liver and macrophages of spleen.\[[@ref3][@ref4]\] When associated with nanoparticles, drugs concentrate mainly in the liver and spleen and are precluded to exert their acute toxicity in other organs. This was demonstrated earlier in mice treated with doxorubicin incorporated into poly (isohexylcyanoacrylate) nanospheres.\[[@ref5]\] Such affinity of MPS macrophages for endocytosis/phagocytosis provides an opportunity to efficiently deliver therapeutic agents to these cells, using the polymeric conventional nanoparticles. This biodistribution study of polymeric nanoparticles can benefit for the chemotherapeutic treatment of MPS localized tumors such as hepatocarcinoma or hepatic metastasis arising from the digestive tract or gynecological cancers, bronchopulmonary tumors, myeloma and leukemia.\[[@ref6]\]

One of the most suitable methods of studying the biodistribution and pharmacokinetics is to label these nanoparticles with radioisotopes like Technetium-99m (Tc-99m) and measure the biodistribution of radioactivity in various tissues and to perform gamma imaging of the whole body at a predetermined time periods.\[[@ref7][@ref8][@ref9]\] Biodistribution, tumor uptake and anti-tumor efficacy for doxorubicin incorporated into poly (butylcynoacrylate) (PBCA) nanocapsules and poly (ethylene glycol) (PEG)/poly (lactide) (PLA) nanoparticles showed the highest accumulation of nanoparticles preferentially in the tumor cells.\[[@ref10][@ref11][@ref12]\] Authors have previously demonstrated that etoposide loaded polymeric nanoparticles have better distribution and long residence time as compared with free etoposide in healthy mice after Tc-99m radiolabeling of nanoparticles and etoposide.\[[@ref13]\] The objective of the present study is to prepare and characterize the etoposide loaded polymeric nanoparticle, radiolabel the same with Tc-99m and to study its biodistribution, pharmacokinetic and affinity for the target tissue in Dalton\'s lymphoma tumor bearing mice.

Materials and Methods {#sec1-1}
=====================

Materials {#sec2-1}
---------

Poly (lactide-co-glycolide), PLGA (Purasorb^®^ 85/15, Mol.wt. 10000) was procured from Purac chemicals, The Netherlands. Pluronic F 68 was purchased from Sigma-Aldrich Chemicals, USA. Etoposide was taken from Dabur Research Foundation, Sahibabad, U.P, India. Tc-99m was obtained from Regional Center for Radiopharmaceuticals, Board of Radiation and Isotope Technology, Institute of Nuclear Medicine and Allied Sciences (INMAS), Brig. S. K. Mazumdar Marg, Delhi, India, which was eluted from Molybdenum. Stannous chloride dihydrate was purchased from Sigma Chemicals. Triple distilled water was used in the preparation of nanoparticles. Instant thin layer chromatography (ITLC) plates were purchased from Gelman Science Inc., Ann Arbor, MI. All other materials such as acetone, acetonitrile, sodium hydrogen phosphate, acetic acid, pyridine and sodium chloride were procured from Spectrochem, Mumbai, India.

Preparation of nanoparticles {#sec2-2}
----------------------------

Etoposide loaded nanoparticles with PLGA 85/15 were prepared by nanoprecipitation method\[[@ref14]\] using acetone as solvent. Pluronic F 68 was used as a stabilizing agent. Polymer PLGA (50 mg) and etoposide (5 mg) were dissolved in organic solvent and added slowly under stirring to aqueous phase containing F 68 (1.0% w/v) as stabilizer. After the formation of milky dispersion, organic solvent was evaporated under reduced pressure at 35°C for approximately 1 h (Rotavapor, Buchi, Switzerland). The entire dispersion was centrifuged at 14000 rpm at 25°C for 10 min (Cooling Compufuge, Remi, Mumbai) in three cycles. Supernatant liquid was analyzed for free drug content and the sediment constituting nanoparticles was dried by freezing.

Characterization of nanoparticles {#sec2-3}
---------------------------------

### Particle size and zeta potential measurement {#sec3-1}

Average particle diameter, polydispersity index and zeta potential for each batch of prepared nanoparticles was determined by using Zetasizer 3000HS (Malvern Instruments, UK). For zeta potential measurement nanoparticles formulations were diluted with water. Values reported are the mean and standard deviation of three batches of nanoparticles. Morphological examination was performed using Transmission electron microscopy (Morgagni, Philips, Netherlands) following negative staining with phosphotungstic acid (0.5%). Samples were also examined using Atomic Force Microscopy (Nanoscope II, USA) using contact mode.

### Drug content and encapsulation efficiency {#sec3-2}

Freeze dried powder of nanoparticles was weighed and dissolved in acetonitrile. Etoposide was estimated by ultraviolet-visible spectrophotometer at 240 nm using a combination of acetonitrile (ACN):triple distilled water (TDW) (1:1) as medium. Drug content was calculated by the following equation:\[[@ref15]\]
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For entrapment efficiency, 1 ml of nanodispersion was taken and centrifuged in 3 cycles at 14,000 rpm for 10 min/cycle. Free drug present in the dispersion will remain in the supernatant and nanoparticles settle to the bottom. Supernatant was collected and analyzed for etoposide using above mentioned analytical method.\[[@ref15]\]
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### Radiolabeling of nanoparticles with Tc-99m {#sec3-3}

Radiolabeling of etoposide and etoposide loaded formulation prepared with PLGA 85/15 was done by direct method using the stannous chloride as a reducing agent.\[[@ref7]\] 1 ml of etoposide solution and nanoparticle dispersions was mixed individually with 50 μl of stannous chloride (2 mg/ml). To adjust the pH of this mixture to 7.0, 10 μl of sodium hydrogen carbonate (0.5 M) solution was added. Then, 0.1 ml of Tc-99m-pertechnetate solution (2 mCi) was added to each preparation, mixed well and incubated for 15 min at room temperature. Final radioactivity present in the preparation was checked using the dose calibrator. Effect of the amount of stannous chloride, final pH of the preparation and incubation time on labeling efficiency were optimized by changing one parameter at a time and performing quality control tests for the labeled complex as described earlier.\[[@ref13][@ref16]\] For optimizing the amount of stannous chloride required for high labeling efficiency and low radio colloids, a range of 25-400 μg of stannous chloride was used. Similarly, pH of the reaction mixture was varied between 4 and 8.

### Determination of labeling efficiency {#sec3-4}

Quality control tests were performed as per the reported methods.\[[@ref7]\] The labeling efficiency of etoposide and formulation was determined by ascending thin layer chromatography (TLC) using ITLC strips coated with silica gel (Gelman Science Inc., Ann Arbor, MI, USA). The ITLC strips were used to determine free technetium and percentage of radio colloids in the preparation. Based on these two parameters labeling efficiency of the preparation were calculated.\[[@ref17][@ref18]\]

ITLC strips were spotted with 1-2 μl of labeled complex at 1 cm above the bottom. These strips were eluted using acetone as a solvent system to determine free Tc-99m-pertechnetate and reduced/hydrolyzed (R/H) Tc-99m. The solvent front was allowed to reach up to a height of approximately 6-8 cm from the origin and the strip was cut horizontally into two halves. Radioactivity in each half was determined by well type gamma ray spectrometer (Gamma ray spectrophotometer, Type GRS23C, Electronics Corporation of India Ltd., Mumbai). The free pertechnetate present in the preparation migrates to the top portion (R~f~ value = 0.9-1.0) of the ITLC strip, leaving the radio colloids (R/H technetium) along with the labeled complex at the point of application. The presence of radio colloids was determined by developing ITLC strip using pyridine: acetic acid: water in the ratio of 3:5:1.5. R/H Tc-99m present in the preparation remained at the point of application while both the free Tc-99m-pertechnetate as well as labeled complex migrated up with the solvent front.

### Stability study of labeled complexes {#sec3-5}

Stability of the Tc-99m labeled etoposide and formulation was determined *in vitro* in rabbit serum, normal saline by ascending TLC technique. The labeled complex (0.1 ml) was incubated with freshly collected rabbit serum (0.9 ml) at room temperature. The samples were taken from this at regular intervals up to 24 h and ITLC was carried out using above mentioned solvent systems. These strips were counted for radioactivity in gamma ray spectrometer and percentage labeling efficiency was calculated for etoposide and formulations.\[[@ref13]\]

### Biodistribution, pharmacokinetics and tumor uptake study {#sec3-6}

Studies were carried out after the prior approval and in accordance with the rules and regulations of the Animal Ethics Committee of INMAS, New Delhi. Male strain mice (25-30 g) were used for biodistribution and pharmacokinetic studies. The Dalton\'s lymphoma solid (DLS) tumor cells were maintained in the peritoneum of Balb C mice. Animals were kept in cages at a constant temperature and humidity. Water and feed were given *ad libitum*.

The DLS tumor cells were maintained in the peritoneum of Balb C mice in the ascites form by serial weekly passages. Exponentially growing cells were harvested and tumor cells of 5 × 10^6^ per mouse were injected subcutaneously in the thigh of right hind leg of the Strain A mice. After 8-10 days, a palpable tumor in the volume range of 1.0 ± 0.1 cm^3^ was observed and used for further studies.

Tc-99m labeled etoposide and etoposide loaded PLGA nanoparticles (100 μl) containing around 200 μCi of radioactivity were injected into the tail vein of healthy and tumor bearing mice. For each injected preparation, three mice were used per time point. The mice were sacrificed 1, 4 and 24 h post-injection. Before sacrificing those mice, at specified time points, mice were anesthetized with excess amount chloroform and blood samples were obtained by cardiac puncture and placed in pre-weighed plastic tubes. The heart, liver, lungs, muscle, bone (femur), kidneys, spleen and brain were isolated.

Along with these organs, tumor was excised from the right hind leg of the tumor induced mice. As a control; muscle from the right hind leg of a healthy animal, which was administered with the same preparation, was used. All the organs/tissues collected were thoroughly rinsed with saline, placed in pre-weighed plastic tubes and weighed. The radioactivity was determined as mentioned above.

### Gamma scintigraphy {#sec3-7}

Gamma imaging was performed for mice after administering intravenously (i.v.) 200 μl of Tc-99m labeled etoposide and PLGA formulation containing 200 μCi of radioactivity. The animals were anesthetized by chloroform prior to imaging. Mice were fixed on a wooden board and imaging was performed on a single photon emission computerized tomography (SPECT, LC 75-005, Diacam, Siemens, USA) after 4 and 24 h of administration.

Statistical analysis {#sec2-4}
--------------------

The results of the *in vivo* biodistribution studies were evaluated by *t*-test with *P* ≤ 0.05 as the minimal level of significance. Pharmacokinetic parameters were assessed using a non-compartmental technique with the software program WinNonlin (version 2.1) Pharsight® St. Louis, Missouri, USA. Data was fitted to the model i.v. bolus for i.v. administration. Pharmacokinetic parameters like area under the curve (AUC), mean residence time (MRT) and *t*~1/2~ were calculated using this software.

Results and Discussion {#sec1-2}
======================

Preparation and characterization of nanoparticles {#sec2-5}
-------------------------------------------------

Nanoprecipitation method produced fine dispersion containing nanoparticles without any agglomeration and the procedure was optimized at lab scale for different parameters in the current study.\[[@ref15]\] The technique of nanoprecipitation followed by freeze drying yielded good powder particles with excellent redispersibility in aqueous media. Effect of formulation variables such as stabilizer concentration, amount of polymer and the drug was studied. These parameters were found to affect particle size, zeta potential, drug content and entrapment efficiency of nanoparticles. The data from these studies is published previously and optimized formulations was chosen from these trials for further studies.\[[@ref15]\] Formulations (prepared with PLGA 85/15 in the presence of Pluronic F 68 as stabilizer) were characterized for different physico-chemical parameters and are given in [Table 1](#T1){ref-type="table"}. Mean size and polydispersity index values indicate narrow size and homogenous distribution of the particles. Transmission electron microscopy photograph of nanoparticles confirms the round shape of nanoparticles, which are dispersed without any agglomeration in the aqueous media \[[Figure 1](#F1){ref-type="fig"}\]. Percent recovery of the formulations prepared with these polymers was high and ranged from 85.99 to 96.71. Entrapment efficiency for the formulations prepared with PLGA was about 79% and Zeta potential values indicate the stability of the prepared nanodispersions.

###### 

Formulation characters for the optimized PLGA formulation
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![Transmission electron microscopy image of etoposide formulation prepared with poly (lactic-co-glycolic acid) 85/15 (×32,000)](JPBS-5-290-g004){#F1}

Radiolabeling and labeling efficiency {#sec2-6}
-------------------------------------

In the current study, etoposide and PLGA formulation were labeled with Tc-99m with a high labeling efficiency. During this process of radiolabeling, the pertechnetate existing in its heptavalent oxidation state was reduced to a lower valence state by stannous chloride and the pH was adjusted to 6.5 before addition of etoposide or nanoparticles dispersion.\[[@ref13]\] This is an established process for radiolabeling of drugs as well as formulations presented in many studies.\[[@ref10][@ref11]\] Different variables such as the amount of stannous chloride, pH for radiolabeling, incubation time, stability of radiolabeled complexes in different media were studied extensively for various drug and formulations and were optimized to suit current study for etoposide and nanoparticles. The results of these studies were published previously.\[[@ref13]\]

After conducting preliminary trials, the pH to be adjusted for the reduced Tc-99m to obtain high labeling efficiency was optimized to 6.5. The amount of stannous chloride used for reducing the pertechnetate plays a significant role in the labeling process as higher amount results in formation of radio colloids, which are undesirable and lower amounts of stannous chloride results in poor labeling efficiency. In the present study, the optimum amount of stannous chloride required for high labeling efficiency, with a low amount of free and R/H Tc-99m was found to be 100 μg for all preparations. Incubation time in which maximum percentage of labeling occurs was also optimized as 15 min after the addition of Tc-99m-pertechnetate to the preparation. For optimizing above parameters at each time point, quality control tests were carried out by TLC using ITLC strips.\[[@ref10][@ref17][@ref18][@ref19]\]

As a part of quality control, radiolabeled preparations were checked for their *in vitro* stability in the presence of rabbit serum and normal saline. These conditions were selected for stability study to mimic *in vivo* environment such as serum proteins and physiological pH. All preparations are stable in rabbit serum and normal saline for 24 h. In these media, at all-time points Tc-99m labeled preparations has shown more than 96% radiolabeling the stability of the labeled complexes in different conditions indicates the usefulness of the label as a marker for the biodistribution studies. The materials and the methods used were already established for various drugs to maintain good stability of the labeled complexes.\[[@ref17][@ref18][@ref19]\]

### Biodistribution, pharmacokinetics and tumor uptake study {#sec3-8}

Biodistribution pattern of free etoposide and etoposide loaded PLGA nanoparticles in the body of the tumor bearing mice is similar to that of the healthy mice with few exceptions. Radioactivity of nano formulation measured from blood was more in tumor bearing mice (4.10% A/g) than healthy mice (2.49% A/g) at 1 h post-injection. Furthermore, residence time of nanoparticles in blood is more compared with free etoposide. This might be due the faster clearance of free etoposide from the body \[[Figure 2](#F2){ref-type="fig"}\] compared to formulation. After 24 h of study, PLGA formulation is still present in blood circulation of mice and the radioactivity shown by formulation was 32 times more than that of free etoposide at the same time. Similar observation was presented in a study done for doxorubicin and doxorubicin loaded nanoparticles. The concentration of doxorubicin delivered through nanoparticles after i.v. injection was significantly higher than doxorubicin solution after 2 h post-injection.\[[@ref10][@ref11]\]

![Comparative biodistribution profiles of drug and formulation in blood of Dalton\'s lymphoma solid tumor induced mice (*n* = 3). \* *P* ≤ 0.01](JPBS-5-290-g005){#F2}

The pharmacokinetic parameters after non-compartmental modeling of Tc-99m labeled etoposide and nanoparticles are given in [Table 2](#T2){ref-type="table"}. There is a significant difference in all pharmacokinetic parameters between free etoposide and PLGA formulation, (etoposide: t~1/2~-0.51 h, MRT-0.74 h, AUC~0-∞~-57.76% A.h/g, Cl-1.73 g/h), PLGA formulation: (t~1/2~-9.74 h, MRT-14.06 h, AUC~0-∞~-136.97% A.h/g, Cl-0.73 g/h). Significant increase in t~1/2~ of PLGA formulation confirms that the nanoparticles significantly enhanced the circulation half-life of etoposide in blood. The same observation was reported for doxorubicin loaded nanoparticles.\[[@ref10]\] MRT for nanoparticles is higher than free etoposide, demonstrating their long circulating characteristics. PLGA nanoparticles were prepared by using Pluronic F 68 as stabilizer. Pluronic F 68 has significantly reduced the zeta potential of nanoparticles formed by masking the surface charge of nanoparticles and creating hydrophilic surface on the particle, which inturn enhanced the residence time of nanoparticles. Other pharmacokinetic parameter MRT, AUC~0-∞~ were also higher for PLGA formulation, whereas clearance was significantly lower.

###### 

Pharmacokinetic parameters for etoposide and nanoparticle formulations in DLS tumor induced mice after intravenous administration
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After 1 h of injection, greater concentrations of free etoposide were found in heart, kidney, liver and spleen than formulation. In the heart of tumor mice, uptake of the formulation was less when compared with free etoposide at all the time points of a study indicating the potential to reduce cardiotoxicity associated with etoposide therapy. Lungs have shown significant uptake of nanoparticles formulations than etoposide, but the uptake is less when compared with the normal mice. After administration of nanoparticles and free etoposide through i.v. injection, there is rapid distribution to different organs of the body of mice especially to liver, kidney, spleen, etc., This is observed for healthy as well as tumor bearing mice, but the concentrations in each organ were different for etoposide and formulation.

The highest radioactivity was found in liver after 1 h of administration of free etoposide and PLGA formulation \[[Figure 3](#F3){ref-type="fig"}\] in tumor bearing mice. After 4 h, free etoposide concentrations started decreasing indicating its elimination from the body, but nanoparticles were present in liver even after 24 h also as indicated by the presence of radioactivity. Spleen uptake of etoposide was higher initially and decreased with time. Spleen capture of the formulation was less when compared to free etoposide. For formulation, around 2.47% A/g was found in spleen at 1 h post-injection where as for etoposide % A/g found was around 9.20. In kidney also, free etoposide got eliminated from the body earlier than the formulation. Presence of higher amount of PLGA nanoparticles in liver, spleen and kidney might be due to the phagocytic uptake by macrophages. This could be efficient in passive targeting of drugs through nanoparticles to various organs/tissues of the body.\[[@ref20][@ref21]\] Brain uptake was comparatively more for formulation than free etoposide. However radioactivity measured in the brain was very less. Biodistribution of radiolabeled PLGA nanoparticles in healthy and tumor induced mice in various organs is shown in Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}. Distribution of radiolabeled etoposide in tumor mice is also shown in [Table 4](#T4){ref-type="table"}. The body distribution and pharmacokinetic data of etoposide and PLGA nanoparticles formulation clearly signifies the advantageous role of nanoparticles in enhancing the circulation time in blood. The slow and prolonged clearance of nanoparticles from different organs can be useful in local chemotherapy of tumors, wherein the tumor cells are exposed to the nanoparticles containing etoposide for a longer time and are provide greater anti-tumor activity compared with i.v. administration of etoposide.\[[@ref10][@ref11][@ref19]\] The similar results were observed across the studies in which different types of nanoparticles like PEG-modified gelating nanoparticles, bovine serum albumin nanospheres were used.\[[@ref20][@ref21]\]

![Comparative biodistribution profiles of drug and formulation in the liver of Dalton\'s lymphoma solid tumor induced mice after intravenous administration (*n* = 3). \* *P* ≤ 0.01](JPBS-5-290-g007){#F3}

###### 

Biodistribution of Tc-99m labeled PLGA nanoparticles in healthy mice

![](JPBS-5-290-g008)

###### 

Biodistribution of Tc-99m labeled etoposide and PLGA nanoparticles in DLS tumor induced mice
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### Tumor uptake of etoposide and nanoparticles {#sec3-9}

The tumor uptake of etoposide and nanoparticles was studied in DLS tumor induced mice at 1, 4 and 24 h post-injection of the preparations. The uptake of free etoposide and nanoparticles increased with time up to 4 h and then decreased by 24 h. PLGA nanoparticles showed significantly high tumor uptake compared with free etoposide at all-time points studied. The tumor concentration of PLGA nanoparticles was 4.07 folds high at 1 h post-injection, 7.11 fold high at 4 h post-injection and 13.4 fold high at 24 h post-injection \[[Figure 4](#F4){ref-type="fig"}\]. Radioactivity for free etoposide and formulation in tumor muscle was higher than normal muscle, which was used as control at all-time points \[[Figure 5](#F5){ref-type="fig"}\]. This observation supports the hypothesis that nanoparticles can accumulate in the tumor tissue by enhanced permeability and retention (EPR) effect.\[[@ref27]\] The EPR effect can be attributed to two factors with regard to the long-circulating Nanoparticulate drugs, which (a) escape the vasculature through abnormally leaky tumor blood vessels (b) are subsequently retained in the tumor tissue due to lack of effective tumor lymphatic drainage.\[[@ref10][@ref22][@ref23][@ref24]\]

![Comparative profile of drug and formulation in tumor muscle of Dalton\'s lymphoma solid tumor bearing mice (*n* = 3). \* *P* ≤ 0.01](JPBS-5-290-g010){#F4}

![Comparative profiles of drug and formulations in tumor muscle and normal muscle (*n* = 3). \* *P* ≤ 0.01](JPBS-5-290-g011){#F5}

Etoposide amount was high in tumor muscle at all-time points when compared with the same muscle in the healthy mice. As the tumor muscles are highly perfused and the vasculature is highly permeable than normal muscles, therefore free etoposide amount is high in the tumor. Free etoposide levels decreased in tumor after 24 h. Whereas, PLGA formulation has shown radioactivity in the tumor after 24 h confirming the presence of formulation in tumor. This is the advantage with nanoparticle formulation as they are available at the tumor for more time to release drug there by showing anti-tumor activity for a longer time, which can reduce the frequency of dosing and also providing targeted drug delivery.\[[@ref25][@ref26]\]

### Gamma scintigraphy {#sec3-10}

Gamma scintigraphic images were taken after i.v. administration of etoposide and formulation to DLS tumor induced mice. Whole body of the mice was viewed under gamma camera. As a control, normal mice administered with free etoposide and PLGA formulations were used and radioactivity was measured under gamma camera. [Figure 6](#F6){ref-type="fig"} shows image taken after 4 h of administration of preparations, which clearly shows more radioactivity than 24 h image \[[Figure 7](#F7){ref-type="fig"}\]. Circled portions indicate radioactivity present in tumor or normal tissue/muscle. It is evident from the figure that the maximum radioactivity of PLGA formulation is in tumor bearing mice than in healthy mice. In all the cases studied, maximum radioactivity was present in liver. All the above presented results on the biodistribution, pharmacokinetics and tumor uptake of etoposide and PLGA nanoparticles were confirmed with scintigraphy images showing that the radioactivity shown by nanoparticles in DLS tumor mice was more when compared with radioactivity showed by free etoposide. Gamma scintigraphy and imaging found to be an important technique for observing radioactivity in the body of animals and to understand the distribution of various compounds, formulations like Tc-99m-EC-Guanine biodistribution in animals.\[[@ref27]\]

![Gamma Scintigraphic images taken 4 h after intravenous administration of Technetium-99 m labeled complexes. (a) Etoposide loaded poly (lactic-co-glycolic acid) formulation in Dalton\'s lymphoma solid tumor induced mice. (b) Free etoposide in DLS tumor induced mice. (c) Etoposide loaded PLGA formulation in healthy mice. (d) Free etoposide in healthy mice. Circled portions indicate radioactivity present in tumor and normal muscle/tissue. Darker the color more the radioactivity present at that part](JPBS-5-290-g012){#F6}

![Gamma scintigraphic image of Dalton\'s lymphoma solid (DLS) tumor induced and normal mice 24 h after intravenous administration. (a)Etoposide loaded poly (lactic-co-glycolic acid) formulation in DLS tumor induced mice. (b) Free etoposide in DLS tumor induced mice. (c) Etoposide loaded PLGA formulation in healthy mice. (d) Free etoposide in healthy mice. Circled portions indicate radioactivity present in tumor and normal muscle/tissue. Darker the color more the radioactivity present at that part](JPBS-5-290-g013){#F7}

Conclusions {#sec1-4}
===========

Studies presented in the current article indicate that the administration of PLGA nanoparticles, leads to prolonged retention of PLGA nanoparticles in plasma with increased distribution to tumor tissues when compared to etoposide alone. Outcome of the study revealed a good agreement between the responses and set objective. The slow and prolonged clearances of Etoposide loaded PLGA nanoparticles from different organs can be utilized for local chemotherapy of tumors with further surface modifications of nanoparticles. This study signifies that etoposide loaded PLGA nanoparticles is a better delivery system to deliver etoposide to DLS tumor in high concentrations for a prolonged period of time and is expected to provide greater anti-tumor effect and tumor regression.
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